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Description 

The present invention relates to a polarization 
coupler for introducing light from two laser diodes into 
asingl optical fibre or the like and also to a process 5 
of manufacturing such a polarization coupler. • 

The document Optical Fibre Communication 
Conference and 6th International Conference on In- 
tegrated Optics and Optical Communication 0 , Techni- 
cal Digest, Paper TUJ5, page 80 by W.L Emkey et 10 
al, "Single-Mode Polarization-Selective Coupler Us- 
ing For Fibre Lenses" describes a polarization selec- 
tive coupler. The device comprises a first polarization 
maintaining fibre and a second polarization maintain- 
ing fibre having a polarization plane perpendicular to is 
the polarization plane of the first polarization main- 
taining fibre. Said device is particularly designed to 
combine the light output from the two polarization 
maintaining fibres into a single output fibre. By em- 
ploying fibre lenses and a rutile crystal at the end cf 20 
the first and second polarization maintaining fibres 
the device achieves a minimization of changes in cou- 
pling loss due to relative translationa I misalignments ~ 
of the axis of the two polarization maintaining fibres. 
In the opposite direction the polarization selective 25 
coupler operates as a polarization selective 1 spiitter 
splitting light output from the single fibre into the two 
polarization maintaining fibres with orthogonal polar- 
isation planes. In this polarization selective coupler 
the rutile crystal interposed between the two polari- 30 
zation maintaining fibres and the output fibre merely 
combines light from the two polarization maintaining 
fibres. Thus, the' light propagating in the first polari- 
zation maintaining fibre is transmitted to the output fi- 
bre and the light from the second polarization main- 35 
taining fibre is coupled into the output fibre via the ru- 
tile crystal. In this respect a polarization coupler is de- 
scribed having first and second polarization maintain- 
ing fibres disposed adjacent to eachother, having 
their geometrical axis parallel to each other and hav- 40 
ing input light transmitted therethrough with orthogo- 
nal polarizations in the two fibres, a third fibre having 
a geometrical axis disposed on an extension line of 
the geometrical axis of the first fibre and birefringent 
plate, i.e. a rutile crystal disposed between the first 45 
and second fibres and the third fibre such that the or- 
dinary ray of light originating from the first fibre and 
the extraordinary ray of light originating from the sec- 
ond fibre are both transmitted to the third fibre. 

In order to build up an optical fibre communication so 
system of high reliability requiring the use of a highly 
reliable polarization coupling device, it is effective to 
duplicate the light source, such as a laser diode or the 
like in an optical transmitter. In this instance the two 
light sources are constructed in advance such that 55 
output beams of light th refrom may b introduced 
into an optical fibre and at an initial stage of the start- 
ing operation of the system only ne of the two light 



sources is us d. If this light source faOs, the ther 
light source is alt rnatively used to prevent a possible 
system down. A polarization coupl r is used to intra? 
duce in a highly reliable system of the type mentioned 
beams of polarized light from two light sources (line- 
arly polarized orelliptically polarized light approximat- 
ing linearly polarized light) into a common optical fi- 
bre.- - ■ " * 

Incidently, in an optical transmitter, part of the 
optical output is sometimes split and power of the 
thus split light is monitored in order to watch, for ex- 
ample, deterioration of the light source with the pas- 
sage of time. A polarization coupler suitable for such 
monitoring is thus demanded. » 

Conventionally, a polarization coupler which in- 
cludes a polarizing prism and a beam splitter having 
a branching ratio free from polarization dependency is 
known as a polarization coupler Which allows such 
monitoring as described above. In an optical transmit- 
ter which includes a polarization coupler of the type 
just mentioned, beams of light emitted from, for exam- 
ple, two laser diodes and having polarization: planes 
perpendicular to each other are collimated by a lens 
and introduced into the same light path by way of a 
polarizing prism so that they are introduced into an 
optical fiber by means of a beam splitter; having a 
branching ratio free from polarization dependency, 
and a condensing lens. Monitoring for the light inten- 
sity is effected using light spirt by the beam splitter. 

Since a conventional polarization coupler is con- 
stituted using a polarizing prism for the composition 
of beams of light (linearly polarized light in ordinary 
cases) from two light sources while using a beam 
splitter having a branching ratio free from polarization, 
dependency forthe monitoring, and besides requiring 
a iens for forming a parallel light beam system in this 
manner, this imposes a limitation on the miniaturiza- 
tion of the device. 

Further, since very accurate adjustment of the 
optical axis is required in assembly of the device, the 
operability in production is not high. 

In addition, since the branching ratio between 
main signal light and light from the monitoring is de- 
termined decisively by a branching ratio of the beam 
splitter it cannot be varied readily. . ■ . 

Therefore it is an object of the present invention 
to provide a polarization coupler which is suitable for 
miniaturization and high in operability in production 
and can be set readily to a desired branching ratio in 
monitoring. - 

The above object is solved by a polarization cou- 
pler having the features a) to i) of claim 1 . . . . 

According to the present invention, since forma- 
tion of a parallel light beam system is not required and 
h nc adjustment of the optical axis fa parallel light 
beam syst m is: not r quired either, a polarization 
coupler is provid d which is high in operability in pro- 
duct! n and is suitable for miniaturization; Further, 
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since a possible increase in toss arising from f rma- 
tion of a parallel light beam system is eliminated, a po- 
larization coupler is provided, which is low in loss. 

With the construction of a p larization coupler: 5 
having the features a) to i) of claim 1, when the first 
and second polarization maintaining fibres 2 and 4 
are connected to two light sources, main signal light 
can be extracted from the fifth polarization maintain- 
ing fibre 14 while light for monitoring can be extracted 10 
from the sixth polarization maintaining fibre 16. The 
basic construction described in claim 1 can be read fly 
realized by mounting said first to sixth polarization 
maintaining fibres 2,4,6,12,14,16 and said rotator 8 
and said birefringent plate 10 on a substrate. 15 

Where said first to third polarization maintaining 
fibres 2,4 and 6 are held in a closely contacting rela- 
tionship with said rotator while said rotator is held in 
a closely contacting relationship with said birefringent . 
plate 10 and said fourth to sixth polarization maintain- 20 
ing fibres 12,14 and 16 are held in a closely contacting . 
relationship with said birefringent plate 10, the loss of, 
light by the polarization coupler can be restricted to 
low values. . 

Where said first and third polarization maintain- 25 
ing fibres 2 and 6 are held in a closely contacting re- 
lationship with said second fibre 4 while said fourth 
and sixth polarization maintaining fibres 12 and 16 
are held in a closely contacting relationship with said 
fifth polarization maintaining fibre 14, the separation 30 
angle between an ordinary ray of light and extraordin- 
ary ray of light with respect to a unit-thickness of the 
birefringent plate 10 or alternatively the thickness of 
the birefringent plate 10 with respect to a unit sepa- 
ration angle between an ordinary ray of light and an 35 
extraordinary ray of light can be reduced and conse- 
quently the loss of the polarization coupler can be re- 
stricted to small values. 

Preferably, any one or all of said first to sixth po- > 
larization maintaining fibres 2,4,6,12,14 and 16, for 40 
example any one of the first, second, fifth and sixth 
polarization maintaining fibres 2,4,14 and 16 is - 
formed from a birefringent fibre which has different 
propagation coefficients for light of the HEx-mode 
and the HEy-mode. 45 

The birefringent fibre may be of the stress induc- 
ing type which has a cross-section in. which a pair of 
stress applying portions are provided in the cladding 
in a symmetrical relationship on opposite sides of the 
core. ' so 

Alternatively said birefringent fibre may be of the 
stress inducing type which has a cross-section in 
which an elliptical stress applying portion is provided 
in the cladding round the core. 

Preferably, the predetermined angl (the angle 55 
of rotation of light by the rotator 8) is set such that for 
given rth gonal input light polanzati n directions 
the power of the extraordinary ray of light which is 
transmitted through said fifth polarization maintain- 



ing fibre is higher than the power of the rdinary ray 
of light which is transmitted through said fourth polar- 
ization maintaining fibre and the power of the ordi- 
nary ray of light which is transmitted through said fifth 
polarization maintaining fibre is higher than the pow- 
er of the extraordinary ray of light which is transmitted 
through said sixth polarization maintaining fibre. . 

The setting of the predetermined angle may be 
effected by setting the orientation of the optical axis 
of a half-wave plate which is employed as the rotator 
8. 

Alternatively, the setting of the predetermined 
angle may be realized by the setting of a predeter- 
mined magnetic field which is applied to a Faraday ro- 
tator employed as the rotator 8. 

Further, the above stated object is solved by a 
process of producing a polarization coupler compris- 
ing the steps a) to d) of claim 11. 

The above and otherfeatures and advantages of 
. the present invention and the manner of realizing 
them in practise will become more apparent and the 
invention itself wOl be best understood, from a study 
of the following description including the appended 
claims, with reference to the attached drawings which 
. show some preferred embodiments of the invention. 
In the. Figures: ... 
Fig. 1A is a plan view of a polarization coupler 
showing basic construction of the present inven- 
tion; 

Fig. 1 B is a front elevational view of the polariza- 
tion coupler of Fig. 1 A: 

Fig. 2 is a plan view of a polarization coupler 
showing a preferred embodiment of the present 
invention; 

Figs. 3A and 3B are schematic views illustrating 
an effect arising from the structure of the embodi- 
ment of the present invention shown in FIG. 2. 
wherein a polarization maintaining fiber, a rotator 
and a birefringent plate are held in a closely con- 
tacting relationship with each other; 
Fig. 4 is a diagrammatic view illustrating a birefrin- 
gent fiber which can be used as a polarization 
maintaining fiber; 

Fig. 5 is a similar view but illustrating another bi- 
refringent fiber which can be used as a polariza- 
tion maintaining fiber; 

Figs. 6A, 6B and 6C are schematic views showing 
different steps of a process of producing a polar- 
ization coupler according to the present inven- 
tion; and 

Fig. 7 is a schematic illustration showing a princi- 
pal portion of an optical transmitter which is con- 
structed using a polarization coupler of the pres- 
ent inv ntion. 

Descripti n f the Preferred Embodiments 

Referring first to Fig. 2, th re is shown a polari- 



5 



EP 0 404 052 B1 



6 



zation coupler according to th present Invent! n 
wherein various components are secured t a sub- 
strate 18 made of quartz or the like and having a flat 
surface thereon. Where first to sixth polarization 5 
maintaining fibers 2, 4, 6, 12, 14 and 16 are secured 
to the substrate 1 8 in this manner, it is easy to position 
the geometrical center axes of the individual fibers in 
the same plane. A function of the polarization coupler * 
will be described subsequently with reference to Fig. 10 

2. - " ■ - . ■ 'r 

Beams of light which are transmitted by way. of 
the first and second fibers 2 and 4 from two light 
sources (not shown) have polarization planes perpen- 
dicular to each other. It is assumed now that the po- 15 
larization plane of light transmitted by way of the first' 
fiber 2 extends perpendicularly to the plane of Fig. 2 
while the polarization plane of light transmitted byway 
of the second fiber 4 extends in parallel to the plane 
ofFig. 2. In this instance, the orientation of the optical' 20 
axis of the birefringent plate 10 is set such that the po- 
larization plane of an ordinary ray of light there- 
through may extend in parallel to the plane of Fig. 2 
while the polarization plane of an extraordinary ray of 
light extends perpendicularly to the plane of Fig. 2. 25 

If beams of light are introduced into the rotator 8 
from the first and second fibers 2 and 4, then the po- 
larization planes of them are rotated by a predeter- : 
mined angle in the same direction, and then the 
beams of light having the thus rotated polarization ~ 30 
planes are introduced into the birefringent plate 1 0. If - 
a beam of light having a polarization plane which ex- - 
tends neither perpendicularly nor in parallel to the 
plane of Fig. 2 is introduced into the birefringent plate 
10, then it is split into an ordinary ray of light and an 35 
extraordinary ray of light, and the thus split rays of 
light are normally transmitted in different-directions 
such that the ordinary ray of light advances straight- 
forwardly. Accordingly, the ordinary rays of light from 
the birefringent plate 10 can be introduced into the 40 
fourth and fifth fibers 12 and 14 disposed in a coaxial 
relationship with the first and second fibers 2 and 4, 
respectively. Meanwhile, if the optical axis of the bi- 
refringent plate 10 is set in a specific manner, then an 
extraordinary ray of I ight can be transmitted in a direc- 45 
tion inclined by a predetermined angle with respect to 
the geometrical axis of each fiber on a plane including 
the geometrical axes. Accordingly, if the thickness of 
the birefringent plate 10 is set in a specific manner, 
then the extraordinary ray of light from the first fiber so 
2 can be introduced into the f if thf iber 14 while the ex- 
traordinary ray of light from the second fiber 4 can be 
introduced into the sixth fiber 16. Further, the ordi- 
nary ray of light introduced into the fourth fiber 12 is 
then introduced int th third fiber 6 while maintaining 55 
its polarization plane, whereafter it passes through 
th rotator 8 and then through the birefringent plate 
10 and is then introduced into the sixth fiber 16. Ac- 
cordingly, light introduced into th fifth fiber 14 can be 



xtracted as a main signal utput while light intro- 
duced into t h sixth fiber 1 6 can be extracted for mon- 
itoring. . ; ! . 

If it is assumed that the angle of rotation f the 
polarization plan (the afor mentioned predeter- 
mined angle) by the rotator 8 is set such that, for ex- 
ample, 5 % of light transmitted by way of the first fiber 
2 (first input light) may be introduced as an ordinary 
ray of light into the fourth fiber 12, ignoring loss, the 
remaining 95 % of the light is introduced as an extra- 
ordinary ray of light into the fifth fiber 14. In this in- 
stance, since the polarization plane of the light trans- 
mitted by way of the second fiber 4 (second input* 
light) extends perpendicularly to the polarization, 
plane of the first input light, 5 % of the second input 
light is introduced as an extraordinary ray of light into 
the sixth fiber 16 while the remaining 95 % is intro- 
duced as an ordinary ray of light into the fifth fiber 14. 
• Accordingly, it is possible to combine 95 % of the first 
and second input light and introduce the same into 
the fifth fiber 14. It is to be noted that, as for light for 
the monitoring to be introduced into the sixth fiber 16, 
while the extraordinary ray of light originating from 
the second input light is 5 % of the original second in- 
put light, the ordinary ray of light originating from the 
first input light is 4.75 % of the original first input light 
because second 5 % is removed as an extraordinary 
ray of light from 5 % of the original fist input light 
Since the difference is very small, however, it does 
not make any essential matter in monitoring powers 
of the first and second input light. 

In the present embodiment, the first, second and 
third fibers 2, 4 and 6 are held in a closely contacting 
relationship with the rotator 8 which is in turn held in 
a closely contacting relationship with the birefringent 
plate 10 while the fourth, fifth and sixth fibers 12, 14 . 
and 16 are held in a closely contacting relationship 
with the birefringent plate 10. An effect achieved by 
such construction will be described below with refer- 
ence to Figs. 3A and 3B. Where there is a spacing be-: 
tween the first and fourth fibers 2 and 12 as shown 
in Fig: 3A, light radiated from an end face of a core of 
the first fiber 2 is expanded significantly due to the 
difference between the refractive index of the core of 
the first fiber 2 and the refractive index of air, and con- 
sequently, a great loss is caused when the light is in- 
troduced into the core of the fourth fiber 12 by way 
of the end face of the core. On the other hand, where - 
the rotator 8 and the birefringent plate 10 held in a 
closely contacting relationship with each other are 
held in a closely contacting relationship with the end 
faces of fibers as shown: in Fig. 3B, such expansion 
of the beam of light is caused to be reduced because 
normally the refractiv indices of the rotator and the 
birefringent plate are not different by a great amount 
fr m the refractive index of the cores, and conse- 
quently, an optical coupling which is low in loss can 
be obtained. Accordingly, where the construction f 
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the present embodiment is employed, a polarization 
coupler which has reduced loss can be provided com- 
pared with an alternative arrangement wherein vari- 
ous members ar disposed such that an air gap may 
b provided between the rotator 8 and the first, sec- 
ond and third fibers 2, 4 and 6 and/or between the bi- 
refringent plate 10 and the fourth, fifth and sixth fib- 
ers 12, 14 and 16. 

In the present embodiment, the first and third fib- 
ers 2 and 6 are held in a closely contacting relation- 
ship with the second fiber 4 while the fourth and sixth 
fibers 12 and 16 are held in a closely contacting rela- 
tionship with the fifth fiber 14 as shown in Fig. 2. With 
this construction, since the geometrical center axes 
of the individual fibers can be disposed proximately to 
each other, if the separation angle of the birefringent 
plate 10 between an ordinary ray of light and an ex- 
traordinary ray of light is fixed, then the thickness of < 
the birefringent pfate 10 can be reduced, but on the 
contrary if the thickness of the birefringent plate 10 . 
is fixed, then the separation angle between an ordi- 
nary ray of light and an extraordinary ray of light can 
be reduced. Consequently, the polarization coupler 
can be reduced in loss: 

The first to sixth fibers 2, 4, 6, 12, 14 and 16 may 
each be formed from a birefringent fiber which has 
different propagation coefficients for light of a HE X 
mode and for light of a HE y mode. Here, the HE x mode 
is that one of HEn modes, which can be transmitted 
through a single mode fiber, which has an electric 
field in an x-axis direction perpendicular to the trans- 
mitting direction of light while the HEy mode is that 
one of the HE 1t modes which has an electric field in 
a y-axis direction perpendicular to the transmitting di- 
rection of light and also to the x-axis direction. Since 
the first to fourth fibers 2, 4, 6 and 12 are required to 
allow transmission therethrough only of a polarized . - 
light component having a predetermined polarization 
plane while the fifth and sixth fibers 14 and 16 are re- 40 
quired to allow transmission therethrough of two po- 
larized light components having perpendicular polar- 
ization planes, the first to fourth fibers 2, 4, 6 and 12 . 
may otherwise be formed each from a polarization 
maintaining fiber which is designed such that it may 45 
present significantly different transmission losses 
with light of the HE X mode and the HE y mode, or in 
other words, which is designed such that light of only 
one mode may be transmitted therein. 

An example of construction of a birefringent fiber so 
will be described with reference to Fig. 4 in which con- 
struction of an end face of the first fiber 2 is shown 
by way of an example. The birefringent fiber shown is 
of the stress inducing type wherein it has, as viewed 
in section, a pair of stress applying portions 2c and 2d 55 
provided in the cladding 2b in a symmetrical relation- 
ship on opposite sides of the core 2a. Th stress ap- 
plying portions 2c and 2d are formed from a mat rial 
having a different coefficient of linear expansion from 



that of the cladding 2b. With this construct' n, since 
the core 2a is provided with different stresses in the 
x-axis direction in which the core 2a and the stress 
5 applying portions 2c and 2d extend and the y-axis di- 
rection perpendicular to the x-axis direction, the core 
2a has some anisotropy in refractive index, and con- 
sequently, the birefringent fiber can maintain the po- 
larization plane of light of a particular mode. In other 
10 words, linearly polarized light having a polarization 
plane parallel to the x-axis or linearly polarized light 
having another polarization plane parallel to the y- 
axis can be transmitted in the birefringent fiber with- 
out changing the polarization condition. 
is Referring now to Fig. 5, there is shown another 
example of construction of a birefringent fiber. In the 
present example, a stress applying portion 2e having 
a substantially elliptical section is provided in the 
cladding 2b around the core 2a such, that the major 
20 axis of the ellipse of the section thereof may be posi- 
tioned on the x-axis while the minor axis is positioned 
on the y-axis. Also with this construction, the core 2a 
is provided with some birefringence and consequent- 
ly can maintain the polarization plane of light of a par- 
25 ticularmode. 

A half-wave plate may be employed for the rotator 
8. In this instance, setting of the angle of rotation (pre- 
determined angle) can be achieved by setting of the 
orientation of the optical axis of the half-wave plate. 
- The rotator 8 may otherwise be constituted from a 
Faraday rotator to which a predetermined magnetic 
field is applied. In this instance, setting of the angle 
of rotation can be achieved by setting of the predeter- 
mined magnetic field. According to the present inven- 
tion, the branching ratio of light for monitoring with re- 
spect to the main signal output can be adjusted read- 
ily by arbitrarily setting the angle of rotation in this 
manner. 

By the way, the power of light required for the 
monitoring is generally low. Accordingly, in order to 
assure a sufficiently high power of a main signal out- 
put, the angle of rotation of light by the rotator 8 is pre- 
ferably set such that for given orthogonal input light 
polarization directions the power of the extraordinary 
ray of light which is transmitted in the fifth fiber 14 is 
higher than the power of the ordinary ray of light 
which is transmitted in the fourth fiber 12 while the 
power of the extraordinary ray of light which is trans- 
mitted in the fifth fiber 14 is higher than the power of 
the ordinary ray of light which is transmitted in the 
sixth fiber 16. 

Different steps of a process of producing a polar- 
ization coupler will be described subsequently with 
reference to Figs. 6A, 6B and 6C. First, a first mother 
fiber 20 which is to later make the first and fourth fib- 
ers 2 and 12, a second mother fiber 22 which- is to 
mak th s cond and fifth fibers'4 and 14 and a third 
mother fiber 24 which is to make the third and sixth 
fibers 6 and 16 are fixed to a substrate 18, in the form 



9 



EP 0 404 052 B1 



10 



of a flat plate made T quartz glass or the lik , as 
shown in Fig. 6A using, for exampl , a bonding agent 
They may otherwise be fixed by soldering to a sub- 
strate which is plat d in advance with gold on the fix- 
ing face thereof. In the present example, th second 
motherf iber 22 is held in a closely contacting relation- 
ship with the first and third mother fibers 20 and 24 
on the substrate 18. The mother fibers 20, 22 and 24 
have maintained polarization planes (polarization 
planes of linearly polarized light transmitted while be- 
ing maintained) which extend in parallel or perpendi- 
cularly to each other. In the present example, the first 
mother fiber 20 is disposed such that the x-axis 
thereof in Fig. 4 extends perpendicularly to the f being 
surface of the substrate while the y-axis extends in 
parallel to the fixing surface, and the second and 
third mot her fibers 22 and 24 are disposed such that 
the x-axes thereof extend in parallel to the substrate 
fixing surface while the y-axes extend perpendicular- 20 1. 
ly to the substrate fixing surface. 

Subsequently, the mother fibers 20, 22 and 24 
secured to the substrate 18 are cut in a predeter- 
mined cutting width using a cutting saw or the like 
such that the opposing cut faces thereof may be posi- 25 
tioned in the same plane as shown in FIG. 6B, thereby 
dividing the first mother fiber 20 into first and fourth 
fibers 2 and 12, the second mother fiber 22 into sec- 
ond and fifth fibers 4 and 14 and the third mother fib- 
er 24 into third and sixth fibers 6 and 16. In this in- 30 
stance, a groove or slit 26 may be formed on the sub- 
strate 18 in a shape in accordance with a driving ra- 
dius of the cutting saw due to a dispersion or the like 
in an operation for the production, but there will be no 
trouble with such groove 26. 35 

After that, a rotator 8 and a birefringent plate 10 
which are integrated in advance with each other using 
an optical bonding agent or the like are inserted be- 
tween the first, second and.third fibers 2, 4 and 6 and 
the fourth, fifth and sixth fibers 12, 14 and 16 and are 40 
secured to the latter by means of an optical bonding 
agent or the tike as seen in Fig. 6C. 

Finally, the third fiber 6 and the fourth fiber 12 
are adhered to each other, for example, by fusion 
such that the maintaining polarization planes thereof 45 
may extend in parallel or perpendicularly to each 
other. Confirmation of a maintaining polarization 
plane of a fiber can be effected by irradiating a beam 
of visible laser upon the fiber sidewardly to confirm a 
stress applying portion of the fiber. so 

Referring now to Fig. 7, there is shown construc- 
tion of a main portion of an optical transmitter to which 
a polarization coupler of the present invention is ap- 
plied. Reference numeral 28 denotes a laser diode 
connected to the first fiber 2, 30 another laser diode 55 
connected to the second fiber 4, and 32 a monitoring 
photodi deconn cted to the sixth fiber 16. According 
to the construction, light from either of th laser di- 
od s 28 and 30 can be outputted by way of the fifth 



fiber 14. Accordingly, the reliability of the optical 
transmitter by the duplicating of the light source can 
be improved: Further, since optical outputs of the las- 
5 r diodes 28 and 30 can be split at substantially equal 
branching ratios from a main signal route to det ct 
powers thereof, a deterioration of an operating laser 
diode with the passage of time can be watched on an 
on-line basis. 

10 While in the preferred embodiments shown in the 
drawings the third and fourth fibers 6 and 12 are pro- 
duced from different mother fibers, the first and third 
mother fibers may otherwise be made common to 
omit connection of the third and fourth fibers 6 and 
15 12 by fusion. 

Claims * ■ 

A polarization coupler, comprising 

a) a first polarization maintaining fiber (2) for 
transmitting first input light therethrough while 
maintaining the polarization plane of the 
same; 

b) a second polarization maintaining fiber (4) 
having a geometrical center axis disposed in 

" parallel to the geometrical center axis of said 
first polarization maintaining fiber (2) for 
transmitting therethrough second input light 
having a polarization plane perpendicular to 
the polarization plane of the first input light 
while maintaining the polarization plane of 
said second input fight; 

c) a third polarization maintaining fiber (6) 
having a first portion having a geometrical 
center axis parallel to the geometrical center 
axes of said first and second polarization 
maintaining fibers (2, 4) on a plane including 
the geometrical center axes of said first and 
second polarization maintaining fibers (2, 4), 
and having a second portion not restricted to 
this direction; - - ^ 

d) a rotator (8) for rotating the polarization 
planes of light outputted from said first, sec- 
ond and third polarization maintaining fibers 
(2, 4, 6) by a predetermined angle and in the 
same direction; 

e) a birefringent plate (10) for separating light 
having polarization, planes rotated by said ro- 
tator (8) individually into ordinary rays of light 
. and extraordinary rays of light; 

f) a fourth polarization maintaining fiber (12) 
having a first portion having a geometrical 
center axis disposed on and arranged in the 
direction of an extension tine of the geometri- 
cal center axis of said first polarization main- 
taining fib r (2) and having a second p rtion 

• n t restricted to this dir ction and arranged 

• for introducing the ordinary ray of light orign 
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nating from th first input light Into said first 
portion of said third polarization maintaining 
fiber (6) via said second portion of said third 
. polarization maintaining fiber (6) while main- - s 
- taining the polarization plane of said ordinary 
ray of light 

g) .a fifth polarization maintaining fiber (14) * 
having a geometrical center axis disposed on 

an extension line of the geometrical center 10 
axis of said , second polarization maintaining 
fiber (4) for transmitting therethrough the or- 
dinary ray of light originating from said second 
input light while maintaining the polarization 
plane of the same; and 15 

h) a sixth polarization maintaining fiber (16) 
having a geometrical center axis disposed on 
an extension line of the geometrical center . 
axis of said third polarization maintaining fiber 

(6) for transmitting therethrough .the. .ordinary . 20 
ray of light originating from tight outputted 
from said third polarization maintaining fiber 
(6) while maintaining the polarization plane of 
the same; 

i) said birefringent plate (10) being arranged 25 
such that the extraordinary ray of light sepa- 
rated from the first polarization maintaining 
fiber (2) is transmitted into said fifth polariza- 
tion maintaining fiber (14), and 

the extraordinary ray of light separated from 30 
the second polarization maintaining fiber (4) 

. is transmitted into said sixth polarization 
maintaining fiber (16), and 
said fifth and sixth polarization maintaining 

. fibers (14, 16) being arranged such that said 35 
extraordinary rays of light are then transmit- 
ted through said fifth and sixth polarization 
maintaining fibers (14, 16) with their planes of 
polarization being maintained therein. . 

40 

A polarization coupler according to claim 1, 
wherein said first, second, third, fourth, fifth and 
sixth polarization maintaining fibers (2, 4, 6, 12, 
14, 16), said rotator (8) and said birefringent plate 
(10) are all mounted on a substrate (18). 45 

A polarization coupler according to claim 2, 
wherein said first, second and third polarization 
maintaining fiber (2, 4, 6) are held in a closely 
contacting relationship with said rotator (8) whOe 50 
said rotator (8) is held in a closely contacting re- 
lationship with said birefringent plate (10), and 
said birefringent plate (10) is held in aolosely con- 
tacting relationship with said fourth, fifth and 
sixth polarization maintaining fibers (12, 14, 16). 55 

* • * 

A polarization coupler according to claim 3, 
wherein said first and said third polarization 
maintaining fibers (2, 6) are held in a closely con- 



tacting relationship with said second polarizati n 
maintaining fiber (4) while said fourth and sixth 
polarization maintaining fibers (12, 16) are held in 
a closely contacting relationship with said fifth 
polarisation maintaining fiber (14). 

* * * • 

5. A polarization coupler according to claim 4, 
wherein some or all of said first to sixth polariza- 
tion fibers maintaining fibers (2, 4, 6, 12, 14, 16) 
are each formed from a birefringent fiber which 
has different propagation coefficients for light of 
the HEx mode and the HEy mode. 

6. A polarization coupler according to claim 5, 
wherein said birefringent fiber is of the stress in- 
ducing type which has a cross-section in which a 
pair of stress applying portions (2c, 2d) are pro- 
vided in the cladding (2b) in a symmetrical rela- 
tionship on opposite sides of the core (2a). 

7. A polarization coupler according to claim 5, 
wherein said birefringent fiber is of the stress in- 
ducing' type which has a cross-section in which 
an elliptical stress applying portion (2e) is provid- 
ed in the cladding (2b) around the core (2a). 

8. A polarization coupler according to claim 1, 
wherein the predetermined angle is set such that 
for given orthogonal input light polarization direc- 
tions the power of the extraordinary, ray of light 
which is transmitted through said fifth polariza- 
tion maintaining fiber (14) is higher than the pow- 
er of the ordinary ray of light which is transmitted 
though said fourth polarization maintaining fiber 
(12), and the power of the ordinary ray of light 
which is transmitted through said fifth polariza- 
tion maintaining fiber (14) is higher than the pow- 
er of the extraordinary ray of light which is trans- 
mitted through said sixth polarization maintaining 
fiber (16). 

9. A polarization coupler according to claim 8, 
wherein said rotator (8) is formed from a half- 
wave plate, and the setting of the predetermined 
angle is effected by the setting of the orientation 
of the optical axis of said half-wave plate. 

10. A polarization coupler according , to claim .8, 
wherein said rotator (8) is formed from a Faraday 
rotator to which a predetermined magnetic field is 
applied, and the setting of the predetermined an- 
gle is effected by the setting of the predeter- 
mined magnetic field. 

11. A process of producing a polarization coupler, 
comprising the following steps: 

a) a first step of mounting a first mother fib r 
(20) which is to later make first and fourth po- 
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larization maintaining fibers (2, 12),* as cond 
motherf iber (22) which is t make second and 
fifth polarization maintaining fibers (4, 14) 
and a third motherf iber (24) which is to make 5 
third and sixth polarization maintaining fibers 
(6, 16) onto a substrate (18) such that the 
maintained polarization planes of said first to 
third motherf ibers (20, 22, 24) extend parallel 
or perpendicularly to each other, and such 10 
that said first to third mother fibers (20, 22, 
24) extend parallel to each other; 

b) a second step of cutting said first to third 
mother fibers (20, 22, 24) mounted on said 
substrate (18) with a predetermined cutting 15 
width such thatthe cut faces thereof are posi- 
tioned in the same plane, thereby dividing 

said first mother fiber (20) into the first. and 
fourth polarization maintaining fibers (2, 12) 
said second mot her fiber (22) into the second 20 
and fifth polarization maintaining fibers (4, 
14) and said third mother fiber (24) into the 
third and sixth polarization maintaining fibers 
(6, 16); * * 

c) a third step of inserting a rotator (8) and a 25 
birefringent plate (10) between said first, sec- 
ond and third polarization maintaining fibers 

(2, 4, 6) and said fourth, fifth and sixth polar- 
ization maintaining fibers (12, 14, 16) such 
that the rotator (8) is positioned adjacent to 30 
said first, second and third polarization main- 
taining fibers (2, 4, 6); and 

d) a fourth step of connecting said third polar- 
• ization maintaining fiber (6) and said fourth 

polarization maintaining fiber (12) to each 35 
other such that the maintained polarization 
planes thereof extend parallel or perpendicu- 
larly to each other. 



Patentanspruche 

1. Polarisatbnskoppler mit 

a) einer ersten Polarisations-aufrechterhaltenen 
Faser (2) zum Obertragen eines ersten Einga- 45 
belichts dadurch unter Aufrechterhalten der 
Polarisationsebene desselben; 

b) einerzweiten Pdarisatnns-aufrecrtterhaltenen 
Faser (4) mit einer geometrischen Mittenach- 

se angeordnet parallel zur geometrischen Mit- so 
tenachse der ersten Polarisations-auf- 
rechterhaltenen Faser (2) zum Obertragen 
dadurch eines zweiten Eingabelichts mit einer 
Polarisationsebene senkrecht zur Polarisati- 
. onsebene des ersten Eingabelichts unter Auf- ss 
rechterhatten der Polarisationsebene des 
zweiten Eingabelichts; 

c) einer dritten Polarisations-aufrechterhal- 
* tenen Faser (6) mit ein m ersten Abschnitt mit 



einer geometrischen Mittenachse parallel zu 
d n geometrischen Mittenachs n d r rsten 
und zw iten Polarisatbns-aufrechterhal- 
t nen Faser (2, 4) auf einer Ebene einschliefJ- 

> lich der geometrischen Mittenachsen der er- 
sten und zweiten Polarisations-aufrecht- 

* erhaltenen Fasern (2, 4) und mit einem zwei- 
ten Abschnitt, der in dieser Richtung nicht be- 
schrankt ist; - ; 
<■■■ d) einem Rotor (8) zum Rotieren der Polari- 
sation sebenen des Lich ts ( das ausgegeben 
wird von den ersten, zweiten und dritten 
Polarisations-aufrechterhaltenen Fasern (2, 
4, 6) urn einen vorbestimmten Winkelund in 
derselben Richtung; 

e) einer doppelt-brechenden Platte (10) zum 
Trennen von Licht mit Polarisationsebenen 
gedreht durch den Rotor (8) auf individuelle 
Weise in ordentliche Lichtstrahlen und auRer- 
ordentliche Lichtstrahlen; 
; f) einer vierten- Polarisations-aufrechter- 
haltenen Faser (12) mit einem ersten Ab- 
schnitt mit einer geometrischen Mittenachse 
angeordnet auf und ausgerichtet In der Rich- 
tung einer Verlangerungslinie der geometri- 
schen Mittenachse der ersten Polarisations- 
aufrechterhaltenen Faser (2) und mit einem 
zweiten Abschnitt nicht beschrinkt auf diese 
Richtung und angeordnet zum Einfuhren des 
ordentlichen Lichtstrahls herruhrend von dem 
ersten Eingabelicht in den ersten Abschnitt 
der dritten Polarisations-aufrechterhaltenen 
Faser (6) fiber den zweiten Abschnitt der drit- 
ten Polarisations-aufrechterhaltenen Faser 
(6) unter Beibehaltung der Polarisationsebe- 
ne des ordentlichen Lichtstrahls; 
. g) einer funften Polarisations-aufrechter- 

- haltenen Faser (14) mit einer geometrischen 

- Mittenachse angeordnet auf einer Verlange- 
. rungslinie der geometrischen Mittenachse der 

zweiten Polaris ations- a ufrechter haltenen Fa- 
ser (4) zum Obertragen dadurch des ordentli- 
chen Lichstrahls herruhrend von dem zweiten 
Eingabelicht unter Aufrechterhaltung der Po- 
larisationsebene desselben; und 

h) einer sechsten Polarisations-aufrechter- 
. haltenen Faser (16) mit einer geometrischen 

. Mittenachse angeordnet auf einer Verlange- 
rungslinie der geometrischen Mittenachse der 
. dritten Pol arisations-aufrechter haltenen Fa- 
ser (6) zum Obertragen dadurch des ordentli- 
chen Lichtstrahls herruhrend von Licht ausge- 
geben von der dritten Polarisations-auf- 
rechterhaltenen Faser (6) unter Beibehaltung 
d r Polarisationsebene derselb n, wobei 

i) die dopp It-br chende Platte (10) so an- 
geordnet ist, dad der au&erordentliche 
Lichstrahl abgetrennt • von der-. ersten 
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Polarisations-aufrechterhaltenen Faser (2) 
Gbertrag n wird in die funfte Polarisations- 
aufrechterhalten Faser (14) und 
der au&erordentiiche Lichtstrahl abgetrennt 5 
von der zweiten Polarisations-aufrechter- 
haltenen Faser (4) ubertragen wird in die 
sechste Polarisations-aufrechterhaltene Fa- 
ser (16), und 

die funfte und sechste Polarisations-auf- 10 
rechterhaltene Faser (14, 16) so angeordnet 
sind, daft die aufcerordentJichen Lichtstrahlen 
. dann ubertragen werden durch die funfte und 
sechste Polarisations-aufrechterhaltene; Fa- 
ser (14, 16), wobei ihre Polarisationsebenen 15 
dabei aufrechterhalten werden. 

Polarisationskoppler nach Anspruch 1 , . 
dadurch gekennzelchnet, da& die erste, zweite, 
dritte, vierte, funfte und sechste Polarisations- 20 
aufrechterhaltene Faser (2; 4; 6, 12, 14, 16), der 
Rotor (8) und die doppelt-brechende Platte (10) 
alle auf einem Substrat (18) angebracht sind. 

Polarisationskoppler. nach Anspruch 2, 25 
dadurch gekennzelchnet, da a die erste, zweite 
und dritte Polarisations- auf rechterhaltene Faser 
(2, 4, 6) in einem engen Kontakt mit dem Rotor (8) 
gehalten sind, wahrend der Rotor (8) in einem en- 
gen Kontakt mit der doppelt-brechenden Platte 30 
(10) gehalten ist und die doppelt-brechende Plat- 
te (10) in einem engen Kontakt mit der vierten, 
funften und sechste n Polarisations-aufrecht- 
erhaltenen Faser (12, 14, 16) gehalten ist 

* 35 
Polarisationskoppler nach Anspruch 3, 
dadurch gekennzelchnet, da& die erste und drit- 
te Polarisations-aufrechterhaltene Faser (2, 6) in 
einem engen Kontakt mit der zweiten 
Polarisations-aufrechterhaltenen Faser (4) ge- 40 
halten sind, wdhrend die vierte und sechste 
Polarisations-auf rechterhaltene Faser (12, 16) 
in einem engen Kontakt mit der funften 
Polarisations-aufrechterhaltenen Faser (14) ge- 
halten sind. 45 

Polarisationskoppler nach Anspruch 4, 
dadurch gekennzelchnet, daft einige oder alle 
der ersten bis sechsten Polarisations-aufrecht- 
erhaltene Fasern (2, 4, 6, 12, 14, 16) jeweils ge- so 
bildet sind aus einer doppelt-brechenden Faser, 
welche verschiedene Ausbreitungskoeff izienten 
fur Licht des HEx-Modus und des HEy-Modus 
aufweist 

55 

Polarisationskoppler nach Anspruch 5, 
dadurch gek nnzelchnet, dad die doppelt-bre- 
chende Faser vom Spannungs-induzierenden 
Typ ist, welche einen Querschnitt hat, in dem ein 



-Paar.v n Spannungs-anlegenden Abschnitten 
(2c, 2d) vorgesehen ist in dem Oberzug (2b) in ei- 
ner symm trischen Beziehung auf gegenuberlie- 
g ndenSeiten des Kerns (2a), 

* • 

7. Polarisationskoppler nach Anspruch 5, 
dadurch gekennzelchnet,- da& die doppelt-bre- 
chende Faser vom Spannungs-induzierenden 
Typ ist, welche einen Querschnitt hat, in dem ein 
elliptischer ' Spannungs-anlegender Abschnitt 
(2e) vorgesehen ist in dem Oberzug (2b) urn den 
Kern (2a). 

8. Polarisationskoppler nach Anspruch 1, 
dadurch gekennzelchnet, da&dervorbestimmte 
Winkel so eingestellt ist, daSfur vorgegebene or- 
thogonate Eingabelicht-Polarisationsrichtun- 
gen die Leistung des auderordentlichen Licht- 
strahls, der ubertragen wird durch die funfte 
Polarisations-aufrechterhattene Faser (14) ho- 
her ist als die Leistung des ordentiichen Licht- 
strahls, der ubertragen wird durch die vierte 
Polarisations-aufrechterhaltene Faser (12) und 
die Leistung des ordentiichen Lichtstrahls, wel- 
cher ubertragen wird durch die funfte 
Polarisations-aufrechterhaitene Faser (14) hoher 
ist als die Leistung des au&erordentlichen Licht- 
strahls, der ubertragen wird durch die sechste 
Polarisations-aufrechterhaltene Faser (16). 

9. Polarisationskoppler nach Anspruch 8, 
dadurch gekennzelchnet, daS der Rotor (8) aus 
einer Halbwellenplatte gebildet ist und die Ein- 
steilung des vorbestimmten Winkels bewirkt wird 
durch Setzen der Orientierung der optischen 
Achse der Halbwellenplatte. . 

10. Polarisationskoppler nach Anspruch 8, 
dadurch gekennzelchnet, daft der Rotor (8) ge- 
bildet ist aus einem Faraday-Rotor, an den ein 
vorbestimmtes magnetisches Feld angeiegt ist 
und das Einstellen des vorbestimmten Winkels 
bewirkt wird durch Setzen des vorbestimmten 
magnetischen Feldes. 

11. Verfahren zum Herstellen eines Polarisations- 
kopplers mit den folgenden Schritten: 

a) einem ersten Schritt des Befestigens einer 
ersten Mutterfaser (20), welche s pater die er- 
. ste und vierte Polarisations-aufrecht- 
erhaltene Faser (2, 12) ausmacht, einer zwei- 
ten Mutterfaser (22), welche die zweite und 
funfte Polarisations-aufrechterhaltene Fa- 
ser (4, 14) ausmacht und einer dritt n Mut- 
terfaser (24), welche die dritte und sechste 
Polarisations-aufr chterhaltene Faser (6, 16) 
ausmacht, auf einem Substrat (18), soda&die 
aufrechterhaltene n Polarisationsebenen der 
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• ersten bis dritten Mutterfaser (20, 22, 24) sich 
parallel odersenkrechtzueinander erstrecken 
und so daR die erst bis dritte Mutterfaser (20, 
22, 24) sich parallel zueinander erstrecken; 5 1 

b) einem zweiten Schritt des Schneidens der 
ersten bis dritten Mutterfaser (20, 22, 24) an- 
gebracht auf dem Substrat (18) mit einer vor- 
bestimmten Schnittbreite, so daB die 
Schnittflachen davon in derselben Ebene 10 
positioniert sind, um dadurch die erste Mut- 
terfaser (20) in die erste und vierte 
Polarisations-aufrechterhaltene Faser (2, 

12), die zweite 1 Mutterfaser (22) in die zweite 
und funfte Polarisations-aufrechterhaltene 15 
Faser (4, 14) und die dritte Mutterfaser (24) in 
die dritte und sechste Polarisations-aufrecht- 
erhaltene Faser(6,'16) zu teilen; 

c) einem dritten Schritt des Eihsetzens eines 
Rotors (8) und einer doppelt-brechenden Plat- 20 ' - : 
te (1 0) zwischen die erste; zweite und dritte 

- Polarisatidns-aufrechterhaltene Faser (2, 4, 
6) und die vierte, funfte und sechste 
Polarisations-aufrechterhaltene Faser (12, 
14, 16), so daB der Rotor (8) neben der ersten, 25 
zweiten und dritten Polarisatons-aufrechter- 
haltenen Faser (2; 4, 6) positioniert ist, und 

d) einem vierten Schritt des Verbindens der 
dritten Polarisations-aufrechterhaltenen Fa- 
ser (6) und der vierten Polarisations- 30 
aufirechterhaltenen Faser (12) miteinander, 

so daft die aufrechterhaltenen Polarisations- 
ebenen davon sich parallel oder senkrecht zu- 
einander erstrecken. 

Revendications 

1. Un coupleur sensible a la polarisation, compre- 

nant : - 40 * 

a) une premiere fibre con servant la polarisa- 
tion (2) qui est destined £ trarismettre & tra- 
vers eHe une premiere lumiere d'entree, tout 
en conservant le plan de polarisation de celle- 

b) une seconde fibre conservant la polarisa- 
tion (4) ayant un axe central g6om6trique dis- 
pose parailelement & I'axe central geom6tri- 
que de la premiere fibre conservant la polari- 
sation (2), et qui est destin6e £ transmettre & so 
travers elle une seconde lumiere' d'entree 
ayant un plan de polarisation perpendiculaire 

au plan de polarisation de la premiere lumiere 
d'entree, tout en conservant le plan de polari- 
sation de la seconde iumier d'entree; 55 
■ ' c) un troisiem fibre conservant la polarisa- 
tion (6) ayant une premiere parti qui a un axe 
central geometrique parailele aux axes cen- 
tra ux geometriques d s pr miere et s conde 



fibres conservant la polarisation (2, 4), dans 
• un plan qui contient I s axes centraux geome- 
triques des premiere et seconde * fibres 
conservant la polarisation (2, 4), et ayant une 
seconde partie qui h'est pas restreinte a cette 

■ direction; 

d) un rotateur (8) destine a faire tourner d'un 
angle -predetermine, et dans la m§me direc- 
tion, les plans de polarisation de la lumiere qui 
est 6mise paries premiere, seconde et troisie- 
me fibres conservant la polarisation (2, 4, 6); 

e) une lame bir6fringente (1 0) pour s6parer in* 
dividuellement en rayons de lumiere ordinai- 
res et en rayons de lumiere extraord in aires la 
lumiere dont les plans de polarisation ont subi 

' une rotation sous Taction du rotateur (8); 

f) une quatrieme fibre conservant la polarisa- 
tion (12) ayant une premiere partie qui a un 

• axe Central geometrique dispose sur une ligne 
. de prolongement de I'axe central geometrique 

de la premiere fibre conservant la polarisation 
(2), etorientee dans la direction de cette ligne 
de prolongement, et ayant une seconde partie 
: 1 qui n'est pas restreinte a cette direction et qui 
est concue pour introduce le rayon de lumiere 
ordinaire provenant de la premiere lumiere 
d'entree dans la premiere partie de la troisie- 
me fibre conservant la polarisation (6), par 
l'interm6diaire de la seconde partie de la troi- 
sieme fibre conservant la polarisation (6), tout 
en maintenant le plan de polarisation du rayon 
de lumiere ordinaire; 

g) une cinquieme fibre maintenant la polarisa- 
tion (14), ayant un axe central geometrique 
dispose sur une ligne de prolongement de 
I'axe central geometrique de la seconde fibre 
conservant la polarisation (4), pour transmet- 

■ tre & travers elle le rayon de lumiere ordinaire 
qui provient de la seconde lumiere d'entr6e, 
tout en maintenant le plan de polarisation de 
ce rayon; et * 

h) une sixieme fibre conservant la polarisa- 

• tion (16), ayant un axe central geometrique 
dispose sur une ligne de prolongement de 
I'axe central geometrique de la troisieme fibre 
conservant la polarisation (6) pour transmet- 
tre & travers elle le rayon de lumiere ordinaire 
qui provient de la lumiere emise par la troisie- 
me fibre conservant la polarisation (6), tout en 
conservant le plan de polarisation de ce 
rayon; 

i) la lame birefringente (10) etant concue.de 
' facon que le rayon de lumiere extraordinaire 

qui est s6par6 £ partir de la premiere fibre 
conservant la polarisation (2) soit introduit 
dans la cinquieme fibre conservant la p lari- 
> sation (14), et ■ : 

' le rayon de Iumier extraordinaire qui est se- 
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pare a partir de la seconde fibre conservant 
la polarisation (4) sort introduitdans la sixieme 
fibre conservant la polarisation (16), et 
- les cinquieme et sixieme fibres conservant la s 
polarisation (14, 16) etantdisposees defagon 
que les rayons de lumiere extraordinaires 
soient ensuite transmis a travers les cinquie- 
~ me et sixieme fibres conservant la polarisa- 
tion (14, 16), avec leurs plans de polarisation 10 
conserves dans ces fibres. 

2. Un coupieur sensible a la polarisation selon la re- 
vendication 1 , dans lequel les premiere, seconde, 
troisieme, quatrieme, cinquieme et sixieme fibres 15 
conservant la polarisation (2, 4, 6, 12, 14, 16), le 
rotateur (8) et la lame birefringente (10) sont tous 
montes sur un substrat (18). 

3. Un coupieur sensible a la polarisation selon la re- 20 
vendication 2, dans lequel les premiere* seconde 

et troisieme fibres conservant la, polarisation (2, 
4, 6) sont maintenues dans une relation de 
contact serre avec le rotateur (8), tandis que le ro- 
tateur (8) est maintenu dans une relation de 25 
contact serr§ avec la lame birefringente (10), et 
la lame birefringente (10) est maintenue dans une 
relation de contact serre avec les quatrieme, cin- 
quieme et sixieme fibres conservant la polarisa- 
tion (12, 14, 16). 30 

4. Un coupieur sensible a la polarisation seion la re- 
vendication 3, dans lequel les premiere et troisie- 
me fibres conservant la polarisation (2, 6) sont 
maintenues dans une relation de contact serre 35 
avec la seconde fibre conservant la polarisation 

(4), tandis que les quatrieme et .sixieme fibres 
conservant la polarisation (12, 16) sont mainte- 
nues dans une relation de contact serre avec la 
cinquieme fibre conservant la polarisation (14). 40 

5. Un coupieur sensible a la polarisation selon la re- 
vendication 4, dans lequel certaines ou la totalite 
des premiere a sixieme fibres conservant la po- 
larisation (2, 4, 6, 12, 14, 16) sont constitutes in- 45 
dividuellement par une fibre birefringente qui a 

des coefficients de propagation differents pour la 
lumiere du mode HEx et du mode HEy. 

6. Un coupieur sensible a la polarisation selon la re- so 
vendication 5, dans lequel la fibre birefringente 

est du type a induction de contra in tes, ayant une 
section transversale dans laquefle une paire de 
parties ^application de contraintes (2c, 2d) sont 
dispose s dans la gaine (2b), selon une relation 55 
symetrique, de part et d'autre du coeur (2a). 

7. Un coupieur sensible a la polarisation selon la re- 
vendicati n 5, dans lequel ta fibre birefringente 



estdutyp a induction de c ntraintes, ayant un 
ection transversale dans laquelle une partie 
d'application de contraintes (2e) de forme elllptl- 
que st disposee dans la gaine (2b) autour du 
coeur (2a). 

8. Un coupieur sensible a ta polarisation seion la re- 
• vendication 1, dans lequel Tangle predetermine 
est fixe de fagon que pour des directions de po- 
larisation de lumiere d'entree orthogonales don- 
nees, la puissance du rayon de lumiere extraor- 
dinaire qui est transmls a travers la cinquieme fi- 
bre conservant la polarisation (14) soit superieu- 
re a la puissance du rayon de lumiere ordinaire 
qui est transmis a travers la quatrieme fibre 
conservant la polarisation (12), etde fagon que la 
puissance du rayon de lumiere ordinaire qui est 
transmis a travers ta cinquieme fibre conservant 
. fa polarisation (14) soit superieure a la puissance 
du rayon de lumiere extraordinaire qui est trans- 
mis a travers la sixieme fibre conservant la pola- 
risation (16). 



9. Un coupieur sensible a la polarisation selon la re- x 
vendication 8, dans lequel le rotateur (8) est for- 
me a partir d'une lame demi-onde, et |e reglage - 
de Tangle predetermine est effectue par le regla- 
ge de Torientation de Taxe optique de cette lame . 
demi-onde. 

10. Un coupieur sensible a la polarisation selon la re — - 
vendication 8, dans lequel le rotateur (8) est for- 
me a partir d'un rotateur de Faraday auquel un 
champ magnetique predetermine est applique, et 

le reglage de Tangle predetermine est effectue 
parle reglage du champ magnetique predetermi- 
ne. 

11. Un precede de fabrication d'un coupieur sensible 
a la polarisation comprenant les etapes suivan- 
tes : 

a) une premiere etape consistanta monter sur 
un substrat (18) une premiere fibre mere (20) 
qui est destinee a former ulterieurement des 
premiere et quatrieme fibres conservant la 
polarisation (2, 12), une seconde fibre mere 
(22) qui est destinee a former des seconde et 
cinquieme fibres conservant la polarisation 
, (4, 14), et une troisieme fibre mere (24) qui est 
destinee a former des troisieme et sixieme f f- 
bres conservant la polarisation (6, 16), de fa- 
$on que les plans de polarisation conserves 
des premiere a troisieme fibres meres (20, 22, 
24) s'etend nt parallel ment ou p rpendicu- 
lairement les uns aux autres, et de fagon que 
. les premiere a troisieme fibres meres (20, 22, 
24) s'etendent parallelement les unes aux au- 
tres; 
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b) une second e 6tape consistent & couper les 
premiere a troisi&me fibres m§res (20, 22, 24) 
monttessurl substrat(18), av cunelargeur 

de coupe pr6d6termin6e, de facon que les fa- 5 
ces couples de ces fibres soient positionn6es 
dans le m€me plan, pour diviser ainsi la pre- 
miere fibre mfere (20) pour donner les premie- 
re et quatri&me fibres conservant la polarisa- 
tion (2, 12), la seconde fibre mfere (22) pour 10 
donner les seconde et cinqui&me fibres 
conservant la polarisation (4, 14), et la troisid-. 
me fibre m&re (24) pour donner les troisi&me 
et sixifeme fibres conservant la polarisation (6, 
16); 15. 

c) une troisi&me 6tape consistent a intercaler 
un rotateur (8) et une lame bir6fringente (10) 
entre les premiere, seconde et troisfeme fi- 
bres conservant la polarisation (2, 4, 6), et les 
quatridme, cinqui&me et sixifcme fibres 20 
conservant la polarisation (12, 14, 16), de fa- 
con que le rotateur (8) soit plac6 en position 
adjacente aux premi&re, seconde et troisi&me 
fibres conservant la polarisation (2, 4, 6); et 

d) une quatrierne 6tape consistant a conneo 25. . 
ter Tune a I'autre la troisteme fibre conservant 

la polarisation (6) et la quatri^me fibre conser- • 1 - *■■ 

vant la polarisation (12), de facon que les 
plans de polarisation conserves de ces fibres 
splendent parallfelement ou perpendiculaire- 30 
ment Tun a I'autre. 
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FIG. IB 
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FIG. 2 




FIG. 3A 
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FIG. 4 




FIG. 5 
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FIG. 6C 



10 



8 



16 



14 



12 



18 



4 



2 

16 



EP 0 404 052 B1 




17 



THIS 



P *K BUNK 



(USPTQj 



